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SUMMARY 
One of the three objectives of the North Central Reqional Research 
Project" Food Qua1 i ty and Enerqy Usaqe in Foodservice System: Microwave and 
Convective Thermal Processinq" is to establish parameters for conservinq 
nutritional and sensory qualities and for maintaininq microbial and chemical 
safety of menu items. Numerous criteria were established for product 
selection. These included: substantial source of protein, uniform product, 
requires thermal processing, large volume as used in the foodservice industry, 
reasonable cost, reliable suppliers, widely accepted and is of importance now 
and expected to be of importance into the 21st century. Turkey rolls were 
chosen as the first product to be used in the investiqation under contract 
with the Department of the Army, U.S. Army Natick Research, Development and 
Engineering Center, Natick, MA. 
The results of using forced-air convection ovens operatinq at 105, 135, 
and 165OC to roast turkey rolls to 77OC-80°C showed that sensory qualities and 
nutrient retention varied sliqhtly. Holdinq sliced turkey from 0 to 120 
minutes also resulted in slightly lower averaqe thiamin retention; however, 
the small differences in the data neqate the siqnificance of the statistical 
findings. 
Roastinq to an internal temperature of 77OC-82OC eliminated all coliforms, 
an indicator of public health siqnificance. PCBs were not detected. Yield, 
roasting time, and enerqy usaqe were siqnificantly affected by oven 
temperature. Energy usaqe was also affected by oven load. This information 
contributes to a second objective which is to determine enerqy expenditure for 
different thermal processinq parameters. 
The f i n a l  o b j e c t i v e  i s  t o  develop a  da ta  base on food qua1it.y and enerqy 
expendi tures f o r  use i n  dec i s i on  makinq models f o r  e f f e c t i v e  foodserv ice  
management. Data f rom t h i s  research p r o j e c t  p rov ide  a  bas is  f o r  foodserv ice  
adm in i s t r a to r s  t o  balance oven a v a i l a b i l i t y ,  product  need, product  a u a l i t y ,  
and enerqy usaqe. Fu r t he r  development o f  t h e  da ta  base w i t h  i n f o rma t i on  f rom 
o the r  food products  w i l l  increase t h e  body o f  knowledqe a v a i l a b l e  about 
foodserv ice  technology. 
Resu l t s  o f  t h i s  s tudy w i l l  be use fu l  t o  manaqers i n  a l l  seqments o f  t h e  
foodserv ice  indus t ry .  A d d i t i o n a l  s tud ies  need t o  be done, us inq  da ta  
generated by t h i s  p r o j e c t  based on ac tua l  t ime  and temperature r e l a t i o n s h i p s ,  
t o  develop models t h a t  can p r e d i c t  q u a l i t y  and enerqy usaqe o f  t h e  food  
product.  Co l l abo ra t i ve  s tud ies  o f  q u a l i t y  and s a f e t y  c h a r a c t e r i s t i c s  as w e l l  
as energy use under comparable t ime  and temperature r e l a t i o n s h i p s  should be 
cont inued. Other menu i tems (e.q. f i s h  products)  and o the r  c lasses  o f  foods 
(e.g. vegetables) need i n v e s t i q a t i o n .  
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FOOD QUALITY AND ENERGY USAGE I N  FOODSERVICE SYSTEMS: 
CONVECTIVE THERMAL PROCESSING OF TURKEY ROLLS 
INTRODUCTION 
Forecasts f o r  foodserv ice  sa les  du r i ng  1986 show d i f f e rences  o f  op in i on  
among est imates by Restaurants and I n s t i t u t i o n s  Maqazine, t h e  Nat iona l  
Restaurant Assoc ia t ion,  and Technomic Consultants. These d i f f e rences  a re  
p a r t i a l l y  r e l a t e d  t o  methods o f  data accumulation and t o  assumptions about 
i n f l a t i o n  (Table 1).  However, a1 1 t h r e e  agree on a  conserva t i ve  r a t e  o f  r e a l  
growth f o r  t h e  m i  1  i t a r y  segment ( 1  ) . 
The foodserv ice  i n d u s t r y  cons is ts  o f  i n d i v i d u a l  market seqments t h a t  have 
speci  a1 i zed  requirements f o r  food, equipment and suppl i e s  and use unique 
methods o f  purchasing, s t o r i nq ,  ~ r e p a r i n q  and serv inq  meals and snacks t o  meet 
t h e  needs o f  customers. Therefore, expansion o r  s h i f t s  i n  t rends  w i t h i n  
market segments w i l l  p robably  have i m p l i c a t i o n s  f o r  t he  numerous businesses 
( food, equipment, suppl ies,  and serv ices)  t h a t  s e l l  qoods and serv ices  t o  t h e  
foodserv ice  i ndus t r y  ( 2 ) .  
Chanqes i n  consumer a t t i t u d e s  and l i f e s t y l e s  w i l l  con t inue  t o  a f f e c t  many 
o f  t h e  foodserv ice  i n d u s t r y  segments i n  t h e  f u t u r e .  Consumers a re  l i k e l y  t o  
con t inue  t o  be i n t e r e s t e d  i n  h e a l t h  and n u t r i t i o n  w i t h  a  concomitant t a s t e  f o r  
h e a l t h f u l  menu i tems such as pou l t r y ,  salads, and vegetables ( 3 ) .  When making 
dec is ions  about menu items, admin is t ra to rs  i n  m i l i t a r y ,  commercial, and 
i n s t i t u t i o n a l  foodserv ices cons ider  food q u a l i t y  and cost .  Q u a l i t y  food i s  
selected, prepared, and served so t h a t  t h e  food i s  m i c r o b i o l o q i c a l l y  and 
chemica l l y  safe, r e t a i n s  o r  enhances sensory p rope r t i es ,  conserves n u t r i e n t s ,  
and i s  souqht by consumers. Food q u a l i t y  i s  probably  a f f e c t e d  more by  thermal 
process ing than any o the r  s tep  i n  food preparat ion.  The p r imary  focus o f  t h i s  
TABLE 1. Forecasts f o r  Foodservice Sales Durinq 1986 by Market Seqment.a 
Restaurants & ~ n s t i t u t i o n s b  National Restaurant Ass0c.C Technomic consul tan tsd  
Market Segments (4.6% i n f l a t i o n )  (3.9% i n f l a t i o n )  (5.1% i n f l a t i o n )  
1986 sales 1986 sales 1986 sales 
i n  m i l l i o n s  Real growth i n  m i l l i o n s  Real qrowth i n  m i l l i o n s  Real arowth 
F u l l  serv ice $ 57,680 
Fast food 48,250 
Hotels and motels 6,455 
Recreation 3,961 
Convenience 3,728 
Retai  1 2,204 
Bars and taverns - - 
TOTAL COMMERCIAL $122,278 
Schools $ 13,043 
Hospi ta ls  7,721 
Nursing homes 10,489 
Business & industry 3,717 
Colleges & un i ve rs i t i es  6,164 
M i  1 i t a r y  4,517 
Vending - - 
Transportat i on  2,603 
TOTAL INSTITUTIONAL $ 48,254 
A l l  other foodservice $ 1,738 
TOTAL FOOOSERVICE MARKET $172,270 
a Adapted from Restaurants & I ns t i t u t i ons ,  1986( 1). 
b No alcohol ic  beveraqe sales are included. Commercial ca fe ter ias  are included i n  f u l l - se rv i ce .  Convenience 
includes qrocery. Vending sales are included i n  the  market seqment where they occur. I n  a l l  i n s t i t u t i o n a l  
(capt ive)  seqments, f i qu res  are calculated as commercial-sales eouivalents, based on food purchases. Food 
contractor  sales are included i n  t he  seament where they occur. Separate d r i nk inq  place food sales are included 
i n  f u l l  service. "Other" includes p r i m a r i l y  soc ia l  clubs, pr isons and recreat ion  camps. 
c NRA includes a lcoho l ic  beveraqe sales i n  a l l  f iaures.  I n  the  i n s t i t u t i o n a l  (capt ive)  seqments, actual d o l l a r s  
spent are reported. Commercial equivalents are ca lcu la ted  f o r  nurs inq homes. Sales f o r  food contractors are 
added here t o  t he  seqment where the  sale occurs. Vendina fictures inc lude on ly  food and beverages. Comnercial 
ca fe ter ias  and soc ia l  caterers are included i n  f u l l  service. Mobile cafeter ias and community centers are 
included i n  "other" foodservice. M i l i t a r y  f i qu res  are f o r  the  cont inenta l  United States onlv. Convenience s tore  
food sales are p a r t  o f  r e t a i  1. 
d Transportat ion f iqures are from a i r l i n e s  only. Alcohol i c  beveracte sales are not included i n  any market seament. 
I n  a l l  i n s t i t u t i o n a l  (capt ive)  seqments, f i qu res  are calculated as equivalent comnerical sales, based on food 
purchases. Vendinq sales inc lude a l l  food and beveraqes. Separate d r i nk ins  place sales ( food on1 y) are included 
i n  f u l l  service. "Other' includes prisons, convents, clubs, r a i  lroads, ships and miscel laneous seqments. Tota l  
i n s t i t u t i o n a l  includes other cdptive. Grocery stores are included i n  r e t a i  1. 
two-year component o f  a  f i ve - yea r  p r o j e c t  was convec t i ve  thermal processinq, 
because convect ion ovens are w ide l y  used throuqhout t h e  foodserv ice  i ndus t r y .  
There were t h ree  p r imary  o b j e c t i v e s  f o r  t h i s  p r o j e c t  (1984-1986): 
1. E s t a b l i s h  parameters f o r  conserv ing n u t r i t i o n a l  and sensory q u a l i t i e s  of 
a  menu i tem, w h i l e  ma in ta i n i nq  m i c rob i  a1 and chemical safe ty .  
2. Determine energy expendi tures f o r  d i f f e r e n t  thermal process ing 
parameters used i n  p repar inq  a se lec ted  menu i t e m  i n  f o r c e d - a i r  
convect ion ovens. 
3. Develop a data base on food  a u a l i t y  and enerqy expendi tures f o r  a  
se lec ted  menu i t e m  f o r  use i n  dec i s i on  makinq models f o r  e f f e c t i v e  
foodserv ice  manaqement. 
Exper imentat ion was l i m i t e d  t o  convec t i ve  thermal process inq f o r  foodserv ice  
systems. A menu i t e m  was se lec ted  t h a t  met t h e  f o l l o w i n g  c r i t e r i a ,  
es tab l i shed  by t h e  Nor th  Central-120 Reqional Research Committee: 
1. Product con ta ins  one o r  more c r i t i c a l  n u t r i e n t s ;  a t  l e a s t  one product  
s h a l l  have subs tan t i  a1 p r o t e i n  content .  
2. Product i s  f a i r l y  un i f o rm  i n  product  composi t ion.  
3. Product i s  appropr ia te  t o  convec t i ve  thermal processinq. 
4. Product i s  used i n  l a r g e  volume by t h e  foodserv ice  i ndus t r y .  
5. Product i s  o f  reasonable cost .  
6. Product has r e l i a b l e  supp l ie r .  
7. Product i s  w ide l y  accepted w i t h i n  t h e  qeneral  ~ o ~ u l a t i o n .  
8. Product i s  o f  importance now and i s  expected t o  be o f  importance i n t o  
t h e  21st  century .  
The menu i t em  se lec ted  as meet inq these c r i t e r i a  was t u r k e y  r o l l s  
( f r ozen ) .  Consumption o f  t u r k e y  meat i n  bo th  t h e  r e t a i l  and commercial 
markets has been i nc reas inq  over t h e  l a s t  25 years ( 4 ) .  The t u r k e y  r o l l s ,  
fo rmu la ted  according t o  commonly accepted s p e c i f i c a t i o n s  and a v a i l a b l e  f rom a 
dependable source, were p rov ided  by t h e  U.S. Army Nat i ck  Research and 
Development Center through c o n t r a c t  (DAAK60-84-C-0089). Turkey r o l l s  were 
f rom a  s i n g l e  l o t ;  thus i n d i v i d u a l  r o l l s  c o n s t i t u t e d  a  random sample. 
The research work was completed i n  t h r e e  ~ h a s e s  t o  maximize t h e  
e f f ec t i veness  o f  j o i n t  e f f o r t s  among t h e  u n i v e r s i t i e s  and t o  t ake  advantaqe o f  
t h e  combined e x p e r t i s e  i n  food q u a l i t y  and enerqy usaae methods f o r  
foodserv ice  research. The t ype  o f  research, q u a l i t y  f ac to r s  studied, and 
research s i t e s  w i t h  major r e s p o n s i b i l i t y  f o r  procedures a re  shown i n  Table 2. 
TABLE 2. Qua1 i t y  Fac to rs  Stud ied and States w i t h  Major R e s p o n s i b i l i t y  f o r  Procedures 
Type o f  . Sensory N u t r i t i o n a l  M i c r o b i o l o q i c a l  Chemical Enerqy 
research qua1 i t y  qua1 i t y  s a f e t y  s a f e t y  use 
S tandard iza t ion  
o f  methods Kansas I l l i n o i s  Nebraska 
V a l i d a t i o n  o f  
methods and I l l i n o i s  Kansas Minnesota 
f i n d i n g s  Iowa Wisconsin 
A p p l i c a t i o n  t o  Iowa Iowa Nebraska 
foodserv ice  Ohio Wisconsin Wisconsin 
Michiaan M i  ssour i 
Michiqan Iowa 
Wisconsin 
Y i c h i ~ a n  Iowa 
M issou r i  
Wisconsin 
The product  t o  be used, va r i ab l es  t o  be studied, and procedures f o r  t h e  s tudy  
were predef ined, va l ida ted ,  and f o l l owed  by t h e  researchers  c o n t r i b u t i n q  t o  
t h e  p r o j e c t .  
METHODS AND MATERIALS 
EXPERIMENTAL DESIGN 
Most phases o f  t h i s  experiment invo lved  w i t h  s i x  t reatment  combinations. 
The t reatment  combinations inc luded  t h r e e  cooking temperatures (105, 135, and 
165°C) and two ho ld i ng  t reatments  ( no t  c h i  1 l e d  and c h i  1 l e d  f o r  24 h r ) .  Turkey 
r o l l s  f r om  each t reatment  combinat ion were subjected t o  t h r e e  ho t -ho ld ing  
t imes (0, 60, and 120 min). Zero t ime f o r  ho t -ho ld inq  was reached when h a l f  
o f  t h e  thermocouples i n d i c a t e d  t h a t  t h e  i n t e r n a l  temperature o f  t u r key  s l i c e s  
had reached 66 t o  67°C o r  above. Thereafter,  s l i c e s  were he ld  f o r  60 o r  120 
min. Turkey r o l l s  were cooked a t  t h e  se lected temperature, then s l i c e d  and 
h e l d  f o r  t h e  t h r e e  ho t -ho ld inq  t imes o r  c h i l l e d  f o r  24 h r  be fo re  s l i c i n q ,  
reheat ing,  and ho ld inq .  The combinations o f  cookinq t ime  and ho ld i nq  
t reatment  were se lec ted  randomly and s p e c i f i e d  f o r  each da,y o f  t h e  study. 
DESCRIPTION OF PRODUCT 
The frozen, raw, boneless, ready-to-cook t u r k e y  r o l l s  were formulated i n  
accordance w i t h  USDA s p e c i f i c a t i o n s  which were: b reas t  meat (minimum 47.0% o f  
t o t a l ) ,  t h i q h  meat (maximum 34.0%), s k i n  (maximum 12.5%), water (5.0%), 
i od i zed  s a l t  ( 1.0%), and sodium phosphates (0.5%). Breast  meat cou ld  r ep lace  
t h i q h  meat, and e i t h e r  b reas t  meat o r  t h i q h  meat cou ld  r ep lace  sk in .  The 
maximum percentage o f  t h i q h  meat cou ld  be exceeded i f  t h i q h  meat rep laced s k i n  
and t he  minimum percentaqe o f  b reas t  meat was obtained. A minimum o f  75% o f  
t h e  ou te r  su r face  was t o  be covered by sk in .  The f i n i s h e d  product  
requirements f o r  t h e  t u r k e y  r o l l s  al lowed f o r  v a r i a t i o n s  i n  l enq th  (23 t o  43 
cm), diameter (10  t o  18 cm), and weight (3.6 kq t o  5.4 kq) .  Norbest 
Incorporated,  S a l t  Lake City, Utah was t h e  s u p p l i e r  o f  t h e  t u r k e y  r o l l s  t o  t h e  
U.S. Army Nat i ck  Research and Development Center. These r o l l s  were ne t t ed  and 
placed i n  sealed moisture-proof casinqs, f rozen and shipped t o  a r r i v e  a t  each 
research s i t e  between October 1984 and Januar,y 1985. 
PREPARATION FOR THERMAL PROCESSING 
Turkey r o l l s  were h e l d  i n  f rozen storaqe, a t  apuroximately -20°C. P r i o r  
t o  roas t ing ,  r o l l s  were thawed a t  4OC f o r  48 t o  72 h r  t o  an i n t e r n a l  
temperature o f  0  t o  6OC i n  t h e  qeometric cen te r  o f  t h e  r o l l .  The 
mo is tu reproo f  bag was removed from t h e  thawed t u r k e y  r o l l  j u s t  p r i o r  t o  
cooking, w h i l e  t h e  ne t  was l e f t  i n  place. 
Turkey r o l l s  used f o r  sensory and m i c r o b i o l o q i c a l  s t ud ies  were roas ted  
w i t h i n  4  t o  8  months a f t e r  r e c e i v i n q  t he  products. N u t r i t i o n a l ,  chemical, and 
energy s tud ies  were completed w i t h i n  approximately 9  months. 
Two s izes  o f  fo rced  convect ion ovens (household and i n s t i t u t i o n a l  ) were 
used t o  eva luate extremes i n  oven s izes  as might  be used i n  m i l i t a r y  
foodserv ice.  The household oven was a Farberware Convection turbo-oven (Model 
460/5). Turkey r o l l  s  were cooked, uncovered, t o  an i n t e r n a l  temperature o f  
80°C i n  t h e  geometric cen te r  o f  t h e  r o l l  ( I 1  l i n o i s  and Kansas). The e l e c t r i c  
i n s t i t u t i o n a l  convect ion ovens used included: Zephaire Model EF-111, t h e  G.S. 
B lodge t t  Company Inc.  and Lanq Model ECCO-6, t h e  Lanq Manufactur inq Company. 
Turkey r o l l s  were a lso  p laced i n  t h e  cen te r  o f  t h e  oven, uncovered (M issour i  
and Wisconsin) o r  covered w i t h  aluminum f o i  1  ( Iowa and Ohio) and cooked t o  an 
i n t e r n a l  temperature o f  77°C i n  t h e  geometric cen te r  o f  t h e  r o l l .  
Time-temperature da ta  were c o l l e c t e d  a t  t h e  qeometr ic cen te r  o f  t h e  t u r k e . ~  
r o l l  by us inq record ing  potent iometers.  Oven r o a s t i n q  temperature and 
i n t e r n a l  meat temperature were recorded every 4 t o  5  min throuqhout r o a s t i n q  
and 15 t o  30 rnin a f t e r  r oas t i nq .  To ta l  cooking losses, d r i p  and evapora t i ve  
losses were based on cooked weiqhts taken 15 min a f t e r  t h e  t u r k e y  r o l l s  were 
removed f rom t h e  oven. A f t e r  s tandinq f o r  15 min, t h e  t u r k e y  r o a s t s  were 
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e i t h e r  placed i n  a r e f r i q e r a t o r  a t  4OC t o  c h i l l  overn iqh t  ( I l l i n o i s ,  Iowa, 
Kansas and Ohio) o r  s l i c e d  i n t o  1-cm s l i c e s  ( I l l i n o i s ,  Iowa, Kansas, Ohio and 
Wisconsin) f o r  hot -ho ld inq.  S l i ces  f o r  t h e  0 ho ld i nq  t ime were evaluated 
w i t h i n  30 min o f  removal o f  t h e  t u r key  roas t s  f rom t h e  ovens. Temperature o f  
t h e  ho ld i nq  equipment was monitored and ad justed t o  ma in ta i n  t h e  i n t e r n a l  
temperatures o f  t h e  t u r k e y  s l i c e s  a t  66 t o  67OC. 
Only wh i t e  meat was sampled f o r  q u a l i t y  eva lua t ions  so s l i c e s  w i t h  maximum 
amounts o f  wh i te  meat were se lected f o r  ho ld inq.  Turkey meat was h e l d  a t  66°C 
i n  t he  qeometric cen te r  f o r  e i t h e r  60 o r  120 min. Four s l i c e s  (about 495 t o  
500gpe r  pan) were h e l d  i n  covered d isposable  h a l f - s i z e d  steam t a b l e  pans o r  
t u r k e y  s l i c e s  were stacked i n  pans (approx imate ly  800-q oer pan). Var ious 
types o f  ho t -ho ld ing  equipment were used, bu t  a l l  equipment was c a l i b r a t e d  so 
t h a t  t h e  temperature i n  t h e  qeometric cen te r  o f  t h e  meat when reheated was 
66OC. 
C h i l l e d  meat was removed f rom t h e  r e f r i q e r a t o r  a f t e r  24 hr, s l i c e d  as 
descr ibed p rev ious ly ,  and reheated a t  105OC t o  an i n t e r n a l  temperature o f  66OC 
f o r  t h e  0 ho ld i nq  t ime. Samples were then t r e a t e d  i n  t h e  same manner as t h e  
t u r k e y  meat t h a t  was no t  c h i l l e d .  S t a t i s t i c a l  t es t s ,  as a p ~ r o p r i a t e  f o r  each 
parameter be inq studied, were done accordinq t o  commonly acceoted procedures 
f o r  analyses. 
QUALITY MEASURES 
Sensory Analyses 
Sensory analyses o f  t u r k e y  meat were conducted a t  f o u r  A q r i c u l t u r a l  
Experiment S ta t i ons :  I 1  1 i no i s ,  Iowa, Kansas, and Ohio. 
Pane l i s ts .  Facu l t y ,  s t a f f ,  and students a t  t h e  va r ious  u n i v e r s i t i e s  were 
t r a i n e d  du r i ng  a two-week pe r i od  ( 3  h r  per  week) t o  do t h e  sensory analyses o f  
t h e  samples o f  t u r k e y  meat. Seven t o  twe lve  panel members were t r a i ned .  From 
poo ls  o f  twelve pane l i s t s ,  f o u r  t o  s i x  p a n e l i s t s  were se lec ted  randomly a t  
Kansas and I l l i n o i s ,  r espec t i ve l y ,  and assiqned t o  samplinq per iods  f o r  every  
t reatment  and t ime. The same p a n e l i s t s  were used a t  each t a s t e  panel session 
a t  Iowa and Ohio. 
T r a i n i n g  cons is ted  o f  i n t r oduc inq  p a n e l i s t s  t o  t h e  score ca rd  and d e f i n i n q  
termino logy used i n  t h i s  study. Panel members were q iven samples and t r a i n e d  
t o  recognize c h a r a c t e r i s t i c s  o f  t h e  extremes, o r  anchors, f o r  each a t t r i b u t e  
t o  be evaluated. The score ca rd  used i n  t h i s  s tudy i s  i l l u s t r a t e d  i n  F i q u r e  1. 
P repara t ion  o f  samples. Two o r  f o u r  1-cm-thick s l i c e s  o f  t u r k e y  f rom each 
ho ld i ng  pe r i od  were used f o r  sensory analyses. A 1.3-cm-diameter co re r  was 
used t o  c u t  sample cores f o r  each p a n e l i s t  t o  determine chew count. 
Approximately 2 t o  3-cm-diameter samples were used f o r  eva lua t i nq  o the r  
sensory a t t r i b u t e s  o f  t h e  turkey.  
Hold inq and serv ing  o f  samples. Turkey cores were p laced i n  prewarmed 50 
t o  150-mL g lass beakers covered w i t h  watch glasses. Each sample had i t s  own 
ho ld i ng  beaker. These covered beakers were p laced i n  a  pan o f  h o t  water 
maintained a t  approximately 62°C on an e l e c t r i c  warminq t r a y  s e t  a t  93OC. 
Pane l i s t s  served themselves a t  t h e  desiqnated hour o f  t e s t i n a  by  s e l e c t i n q  
two cores f rom each beaker. Reference samples f o r  aroma, represen t inq  
p a r t i a l l y  roas ted  and ex tens ive ly - roas ted  t u r key  t o  d e v e l o ~  browned aromatics, 
were p rov ided  f o r  t h e  eva lua to rs  a t  I l l i n o i s  and Kansas. These samples were 
h e l d  a t  room temperature i n  covered q lass  brandy s n i f t e r s  and r e t a i n e d  t h e i r  
c h a r a c t e r i s t i c  aromas. 
N u t r i t i o n a l  Analyses 
O f  t h e  n u t r i e n t s  i n  p o u l t r y ,  th iamin  i s  t h e  most l a b i l e  and, t he re fo re ,  i t  
was used as an i n d i c a t o r  o f  n u t r i t i o n a l  q u a l i t y  because i t s  d e s t r u c t i o n  would 
INTENSITY RATINGS: TURKEY ROASTS 
LIGHT MUSCLE 
Name 
Place a vertical line across the horizontal line at the point 
representing your perception of the characteristic's intensity. 
Re-testing is permitted. 
AROMA 
Partially cooked Roasted 
JUICY MOUTHFEEL 
Very dry Very juicy 
TEXTURE 
Fibrous, stringy C r u m b l y ,  mealy 
Chew Count 
FLAVOR: MEATY, COOKED TURKEY 
None Intense 
FLAVOR: OFF-NOTES 
None Strong,stale 
Thank you! 
Figure 1. Score Card for Sensory Analysis of Turkey Roasts 
be most l i k e l y  t o  occur under adverse heat  process ins  c o n d i t i o n s .  Al thouqh 
p o u l t r y  i s  n o t  an e x c e l l e n t  source o f  th iamin,  i t  p rov ides  about 40 t o  60 
mcg/100 g meat. 
Thiamin con ten t  and r e t e n t i o n  were determined f rom t u r k e y  roas ted  i n  
household s i z e  f o r c e d - a i r  convect ion ovens ( I  11 i n o i s  and Kansas) and 
i n s t i t u t i o n a l  f o r c e d - a i r  convect ion ovens (Iowa and Wisconsin). A f t e r  
r o a s t i n g  a t  105, 135, and 165OC, c h i l l i n g  24 h r  a t  4OC o r  n o t  c h i l l i n q  and 
h o l d i n g  s l i c e s  a t  approx imate ly  66OC f o r  0, 60, o r  120 min, approx imate ly  50 q 
of t h e  s l i c e d  w h i t e  meat was removed f o r  n u t r i t i o n a l  ana lys is .  These samples 
were h e l d  f rozen a t  -20°C u n t i l  analyzed f o r  t h i a m i n  u s i n q  a m o d i f i c a t i o n  o f  
t h e  th iochrome assay method ( 5 ) .  Thiamin was expressed as mcq/100 q on a 
wet-weiqht basis,  us ing  t h e  AOAC method 24.003 ( 6 ) .  
M i c r o b i o l o q i c a l  Analyses 
Samplinq and E v a l u a t i o n  o f  Raw Turkey R o l l s .  F o l l o w i n q  thawinq, f o r  each 
a n a l y s i s  an 11-g sample was removed a s e p t i c a l l y  by random s e l e c t i o n  from 
v a r i o u s  areas o f  t h e  su r face  o f  a t u r k e y  r o l l .  To determine i n t e r n a l  
m i c r o b i a l  contaminat ion,  a 2.54-cm core  was taken a s e p t i c a l l y  f rom t h e  
m idsec t ion  o f  a r o l l  and an 11-9 sample was removed f rom t h e  m idd le  o f  t h e  
cored p o r t i o n .  Each sample was then blended w i t h  99 mL o f  phosphate b u f f e r  
f o r  subsequent decimal d i l u t i o n s  and p l a t i n q s  i n  d u p l i c a t e  w i t h  p l a t e  count  
agar (PCA) and v i o l e t  r e d  b i l e  aqar (VRBA). P l a t e  count aqar was used t o  
determine t o t a l  aerob ic  p l a t e  count  and VRBA was chosen t o  determine 
c o l i f o r m s ,  i n d i c a t o r s  o f  microorqanisms o f  p u b l i c  h e a l t h  s i q n i f i c a n c e .  P l a t e s  
were incubated a t  32OC a t  Nebraska, 35OC a t  Wisconsin, and 37°C a t  Minnesota. 
The h i g h  temperature s e l e c t e d  by Minnesota was chosen t o  correspond w i t h  
standard medical  procedures f o r  e v a l u a t i n q  ~ a t h o q e n s  i n  products.  I n c u b a t i o n  
t imes f o r  VRBA ranqed f rom 18 t o  24 h r  w i t h  t h e  sho r t es t  t ime  associated w i t h  
t h e  h ighes t  temperature. Incuba t ion  t ime f o r  PCA was 48 hr.  
Samplinq and Eva lua t i on  o f  Cooked Turkey Roasts. A f t e r  cookinq as 
descr ibed p rev ious ly ,  t u r k e y  roas t s  were s l i c e d  i n t o  1.0 t o  1.2-cm pieces. 
Eleven-qram samples were taken a s e p t i c a l l y  f rom t h e  approximate cen te r  o f  
s l i c e s  by Nebraska and Minnesota, wh i l e  Wisconsin obta ined samples f rom 
var ious  areas on t h e  sur face  o f  t u r key  roasts .  Surface samples were a l so  
obta ined by Wisconsin a f t e r  ho t -ho ld inq  a t  0, 60, and 120 min. Samples were 
blended and subsequent decimal d i l u t i o n s  were made. P l a t i n q s  were i n  
d u p l i c a t e  on PCA and VRBA and incubated a t  32 t o  3 7 O C  f o r  48 and 24 hr, 
r espec t i ve l y .  These procedures were i n  qeneral  accord w i t h  t h e  methods 
o u t l i n e d  by Speck ( 7 ) .  
Chemical Analyses 
PCB Analyses. Representat ive samples o f  t u r key  r o l l s  i n  excess o f  100 q  
were obta ined f rom f o u r  s t a t e s  r e c e i v i n q  t u r k e y  r o l l s  f rom t h e  common l o t  o f  
t u r key  r o l l s  supp l ied  by t h e  Department o f  t h e  Army under t h i s  c o n t r a c t  
(Con t rac t  No. DAAK60-84-C-0089). I n  each o f  these s ta tes ,  t h e  t u r k e y  r o l l s  
were s l i c e d  f rozen  us inq  a  band saw, and f rozen  samples were wrapped i n  f o i l  
and then p laced i n  sealed po lye thy lene  bags, packed i n  d r y  ice,  and shipped by 
a i r  t o  t h e  Michiqan A q r i c u l t u r a l  Experiment S ta t ion .  A l l  samples were 
rece ived  f rozen.  A f t e r  r e c e i p t ,  t h e  samples were thawed and t h e  wh i te  meat 
separated. The wh i t e  meat was pu l ve r i zed  i n  an Os te r i ze r  b lender  be fo re  
dupl  i c a t e  10-g samples were taken f o r  po l ych lo r i na ted  b ipheny l  (PCB) 
analyses. PCBs were analyzed by hexaneacetone ex t r ac t i ons ,  a c e t o n i t r i l e  
p a r t i t i o n i n g  and F l o r i s i l - c e l i t e  column cleanup accordinq t o  t h e  method o f  
Yadr ick e t  a l .  ( 8 ) .  An a l i q u o t  o f  t h e  hexane was d r i e d  under vacuum a t  70°C 
t o  es t imate  f a t .  Fo l l ow ing  t h e  f i n a l  concent ra t ion,  PCBs were q u a n t i t a t e d  by  
11 
c a p i l l a r y  column qas chromatoqraphic a n a l y s i s  u s i n q  a  Tracor  560 qas 
chromatograph (GLC) equipped w i t h  a  63~ i  e l e c t r o n  c a p t u r e  d e t e c t o r  and 
i n t e r f a c e d  w i t h  a  Spectra-Physics chromatoqraph i n t e q r a t o r ,  model SP 4270. 
The c a p i l l a r y  column f o r  t h e  GLC was a  0.25-min x  30-m fused  s i l i c a  column w i t h  
a  0.25-micron DB-1 s t a t i o n a r y  phase. Column p ressure  was 138 kPa. The 
i n i t i a l  oven temperature  was 170°C and was proqrammed t o  r i s e  a t  4OCImin u n t i l  
i t  reached 270°C. F i n a l  h o l d i n q  t i m e  a t  270°C was 10 min. The i n j e c t o r  and 
d e t e c t o r  temperatures were 250 and 300°C, r e s p e c t i v e l y .  Standards were 
prepared w i t h  A r o c l o r  1254 i n  nanoqrade hexane. 
Q u a n t i t a t i o n s  were based on t h e  area o f  t h e  PCB peaks 3.22 t o  24.30 o f  t h e  
A r o c l o r  s tandard as i l l u s t r a t e d  i n  F i g u r e  2. Standards were r u n  a t  t h e  
beg inn ing  o f  each day and a f t e r  every  s i x  samples. PCBs were expressed on an 
e d i b l e  t i s s u e ,  s o l i d  and f a t  bas is .  Recover ies o f  A r o c l o r  1254 f rom samples 
sp iked  w i t h  50 ppb t o  5  ppm 1254 were 98%+1%. - L i m i t  o f  d e t e c t i o n  was 5  ppb. 
Arochl or 1254 Standard 
1 PPm 
Commercial Turkey Roll  
Kansas - Whi temeat - Raw 
ri 
- 
Figure 2.  Comparison o f  Gas L i q u i d  Chromatograph (GLC) Tracing o f  PCB 
Standard w i t h  t h a t  o f  Turkey R o l l  Samples. 
Enerqy Usaqe 
E l e c t r i c a l  enerqy usaqe was moni tored d u r i n q  t h r e e  staqes:  c o n v e c t i v e  
thermal process ing of t h e  t u r k e y  r o l l  (Iowa, M issour i ,  and Wisconsin) ,  
c o n v e c t i v e  h e a t i n q  of c h i l l e d  s l i c e s  o f  t u r k e y  r o l l  ( Iowa),  and c o n v e c t i v e  
h o t - h o l d i n g  o f  t h e  t u r k e y  s l i c e s  ( Iowa and Wisconsin) .  Procedures as 
desc r ibed  i n  t h e  p rev ious  s e c t i o n  were fo l l owed .  A d i q i t a l  enerqy m o n i t o r  
(DuPont, Model EMT-KWD; DuPont Enerqy Management, Da l las ,  TX)  was used t o  
r e c o r d  enerqy consumed by t h e  convec t ion  oven. Enerqy consumption i n  w a t t  
hours was recorded a f t e r  t h e  oven doors were c l o s e d  and t h e  oven was t u r n e d  on 
u n t i l  t h e  i n t e r n a l  p roduc t  temperature  o f  a l l  t h e  t u r k e y  r o l l s  had reached 
77OC. Energy usaqe was expressed as w a t t h o u r s l l o a d  (Whl load)  and w a t t -  
h o u r s l k q  (Whlkq) o f  raw t u r k e y  r o l l s ,  f o r  t h e  thermal  u rocess inq  o f  t h e  t u r k e y  
r o l l s .  
S c i e n t i s t s  a t  Iowa and M i s s o u r i  used an i d e n t i c a l  model o f  a  f o r c e d - a i r  
convec t ion  oven and i d e n t i c a l  procedures. T h e i r  research  des iqn  w i t h  t h i s  
oven f i r s t  i n v o l v e d  hea t  p rocess inq  w i t h  an oven l o a d  s i z e  o f  two t u r k e y  r o l l s  
a t  each o f  t h e  t h r e e  temperatures (105, 135, and 165OC). These d a t a  were 
poo led s ince  c o n d i t i o n s  were i d e n t i c a l  i n  b o t h  A q r i c u l t u r a l  Exper iment 
S t a t i o n s .  A d d i t i o n a l  d a t a  were c o l l e c t e d  w i t h  oven loads o f  4 and 6  r o l l s  a t  
t h e  oven temperature o f  135°C. Aqain, because o f  s i m i l a r  c o n d i t i o n s ,  d a t a  
were poo led and s t a t i s t i c a l l y  analyzed. 
S c i e n t i s t s  a t  Wisconsin used a  d i f f e r e n t  model o f  f o r c e d - a i r  c o n v e c t i o n  
oven. The research approach used was t o  o b t a i n  enerqy d a t a  f o r  each o f  t h e  
n i n e  t reatments ,  i.e., t h r e e  d i f f e r e n t  oven temperatures and t h r e e  d i f f e r e n t  
oven l o a d  s izes.  T h i s  coord ina ted  approach presented i n f o r m a t i o n  about enerqy 
consumption f o r  each o f  these n i n e  t reatments .  
Oven placement a t  a l l  t h ree  A q r i c u l t u r a l  Experiment S ta t ions  was: 
2  r o l l s  -- Pans were placed adjacent t o  each o ther  on one rack loca ted  i n  
t h e  center  o f  t he  oven. 
4  r o l l s  -- Pans were placed adjacent t o  each o ther  on two racks which were 
centered i n  t h e  oven c a v i t y .  
6  r o l l s  -- Pans were placed adjacent t o  each o ther  on t h ree  racks which 
were centered i n  t h e  oven c a v i t y .  
For  t he  Lang convect ion ovens a t  Iowa and Missour i ,  t h e  rack w i t h  two 
r o l l s  was loca ted  21.2 cm f rom t h e  bottom o f  t h e  oven. When f o u r  r o l l s  were 
used, two r o l l s  were placed 31.2 and 16 cm f rom t h e  bottom o f  t he  oven, 
r espec t i ve l y .  When s i x  r o l l s  were studied, two r o l l s  were placed 36.1, 21.2, 
and 5.8 cm f rom t h e  bottom, respec t i ve l y .  For t h e  B lodqe t t  convect ion oven a t  
Wisconsin, t h e  rack w i t h  two r o l l s  was loca ted  15.9 cm f rom t h e  bottom o f  t h e  
oven; those f o r  f o u r  r o l l s ,  15.9 cm and 1.9 cm f rom t h e  bottom o f  t h e  oven; 
and those f o r  s i x  r o l l s ,  29.8 cm, 15.9 cm, and 1.9 cm f rom t h e  bottom. 
For c h i l l e d  s l i c e s  a t  Iowa, t h e  oven temperature was proqrammed f o r  105°C 
t o  heat t he  t u r key  s l i c e s  t o  60°C then t h e  oven was reproqrammed f o r  66OC t o  
ma in ta in  i n t e r n a l  temperature o f  t he  s l i c e s  a t  66OC. When h a l f  o f  t h e  
thermocouples had reached 66OC, t h e  0-min ho ld ing  t ime was reached. Turkey 
s l i c e s  were he ld  f o r  60 and 120 min t he rea f t e r .  A t  Wisconsin, 4, 8, o r  12 
pans o f  s l i c e d  t u r key  meat ( f rom oven loads of 2, 4, o r  6  t u r key  r o l l s ,  
r e s p e c t i v e l y )  were p l  aced i n  a  preheated (8Z°C) ho t -ho ld inq  cab ine t  (Hotpack, 
Model 1242-4, Ph i lade lph ia ,  PA) u n t i  1  i n t e r n a l  temperature o f  t h e  s l i c e s  
reached 67OC. Thereaf ter ,  s l i c e s  were he ld  f o r  60 o r  120 min. 
RESULTS AND DISCUSSION 
TIME AND TEMPERATURE DATA 
Heat inq t imes f o r  t u r key  r o a s t s  prepared i n  home convect ion ovens a t  
Kansas and I l l i n o i s  a re  shown i n  Table 3. D i f f e rences  i n  cookinq t imes 
between Kansas and I 1  l i n o i s  may be due t o  v a r i a t i o n  i n  i n i t i a l  meat 
temperature and s i z e  o f  t h e  r o l l s .  Cooking t imes were s i q n i f i c a n t l y  (PC0.05) 
lonqer  a t  t h e  lower cookinq temperatures. Th is  t r e n d  was seen a l s o  i n  t h e  
foodserv ice  s tud ies  a t  Wisconsin and Iowa. Representat ive hea t i nq  curves f o r  
r o a s t s  cooked a t  t h e  t h r e e  oven temperatures i n  bo th  home and i n s t i t u t i o n a l  
convect ion oven a re  shown i n  F i gu re  3. 
TABLE 3. Heat inq Times f o r  Turkey Roasts prepared i n  Home Convection Ovens. 
Cooking Temperature Kansas I l l i n o i s  
Time and temperature r e l a t i o n s h i p s  were eva luated i n  terms o f  t h r e e  oven loads 
and t h r e e  oven temperatures a t  Wisconsin. The t imes needed t o  reach t h e  
predetermined oven temperature a t  d i f f e r e n t  oven loads were s i q n i f i c a n t l y  
d i f f e r e n t  (P(0.01) among t h e  t h r e e  oven loads o f  2, 4, and 6 t u r k e y  r o l l s  and 
t h ree  oven temperatures. As both t h e  s i z e  o f  t h e  oven l oad  and t h e  
temperature o f  t h e  oven increased, more t ime  was needed t o  reach t h e  
predetermined oven temperature. 
As shown i n  F i gu re  4, t h e  cookinq t imes f o r  a l l  t u r k e y  r o l l s  t o  reach 77°C 
o r  above were s i g n i f i c a n t l y  d i f f e r e n t  (P(O.O1) amonq t h e  t h r e e  oven 
T I  ME (HOURS) 
F igu re  3. Representat ive Heat inq Curves f o r  One T u r k e , ~  Roast Cooked i n  a 
home Convection Oven (above) and Two Turkey Roasts Cooked i n  an 
I n s t i t u t i o n a l  Convection Oven (below). 
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F igu re  4. Time Needed t o  Reach Predetermined Oven Temperatures and T o t a l  
Cooking Times f o r  A l l  Turkey R o l l s  t o  Reach 77OC o r  above i n  a 
Convection Oven When Usinq Three Oven Loads and Three Oven 
Temperatures . 
temperature settinqs for all three oven loads. As the oven temperature 
increased, the cookinq time decreased for all oven loads. The mean cookinq 
times required by the three different oven loads were also siqnificantly 
different (P<0.01). However, times used for oven loads of 4 and 6 rolls at 
all three oven temperature settinqs were quite similar. 
Further statistical analysis was undertaken to assess more specifically 
the time differences between individual loads and individual temperatures. 
Results indicated that there was a siqnificant (P(0.01) time difference 
between oven loads of 2 and 4 turkey rolls, but there was no siqnificant 
difference between oven loads of 4 and 6 rolls at three temperatures. The 
time differences between 105 and 135OC were more than 60 min for all three 
loads. The differences between 135 and 165°C were 36 min, 29.5 min, and 18 
min for oven loads of 2, 4, and 6 rolls, respectively. The differences 
between 105 and 135OC and also between 135 and 165OC were siqnificantly 
different (P(0.01). When schedulinq food ~roduction, it should be recoanized 
that oven temperature and oven load affect cooking time and must be considered 
in relationship to the desired sensory, nutritional, and microbial auality of 
the finished product as well as enerqy consumed in the process. 
PRODUCT YIELD 
Product yield as affected by oven load was determined only for roastina at 
135OC at Missouri and Iowa (Table 4). The hiqhest product yield was found 
when 4 rolls were heat processed simultaneously versus 2 or 6 rolls. The 
total processing losses (both evaporative and drip) were siqnificantly greater 
(P40.05) when only 2 turkey rolls were in the oven cavity. Althouqh relative 
humidity was not measured in these experiments, it probably increased as the 
number o f  t u r key  r o l l s  increased, because t hey  were heat processed i n  
uncovered pans. Th is  f a c t o r  cou ld  account f o r  d i f f e r e n c e s  i n  process inq 
1 osses. 
The mean weight values of t u r key  r o l l  be fo re  and a f t e r  hea t i nq  and t h e  
percentage o f  y i e l d  a f t e r  cooking (Wisconsin) are i l l u s t r a t e d  i n  Table  5. The 
product  y i e l d  was s i q n i f  i c a n t l y  d i f f e r e n t  (P<0.01) amonq t h r e e  oven 
temperatures bu t  no t  s i q n i f i c a n t l y  d i f f e r e n t  amonq t h r e e  oven loads. The 
r e s u l t s  f o r  t h r e e  oven loads aqreed w i t h  those o f  Unklesbay e t  a l .  ( 9 )  They 
concluded t h a t  t h e  oven l oad  d i d  no t  i n f l uence  product  y i e l d  f o r  24, 48, 72, 
o r  96 sausaqe p a t t i e s  w i t h  convec t i ve  heat processinq. The Wisconsin s tudv  
showed t h a t  lower oven temperatures f o r  t u r k e y  r o a s t s  r e s u l t e d  i n  q r e a t e r  
product  y i e l d s  (Table  5 ) .  However i n  a  s tudy of heat process inq p i z z a  c rus t s ,  
Unklesbay e t  a l .  (10 )  noted t h a t  t h e  g rea tes t  food p roduc t  y i e l d  was ob ta ined  
w i t h  t he  h ighes t  oven temperature and t he  sho r t es t  heat  process inq t ime. The 
reasons f o r  t h e  d i f f e r e n c e s  i n  product  y i e l d ,  accord inq t o  cooking t ime  and 
temperature may be due t o  ( a )  t h e  s i z e  and weiqht o f  products,  because a 
t u r key  r o l l  i s  much l a rqe r ,  heavier,  and h iqher  i n  mo is tu re  than  a p i z z a  c r u s t  
o r  sausage pa t t y ;  ( b )  d i f f e r e n t  oven t e m ~ e r a t u r e  s e t t i n q s  and heat ~ r o c e s s i n q  
t imes, because t h e  t ime  f o r  cooking t u r k e y  r o l l s  was a t  l e a s t  t e n f o l d  q r e a t e r  
than t h e  t ime f o r  hea t i ng  p i z z a  c r u s t  and sausaqe p a t t i e s ;  and ( c )  d i f f e r e n t  
composi t ion o f  food products;  c e r t a i n  products  a re  more l i k e l y  t o  underqo case 
hardening, thereby i n f l u e n c i n g  t h e  r a t e  o f  mo is tu re  d i f f u s i o n .  
TABLE 4. Heat Processinq Parameters f o r  Turkey Roasts. 
I n i  t i a1 F i n a l  T o t a l  Processinq Y i e l d  
Load Size Mass (9) Mass (9) Loss (%)  ( % )  
Oven No. 
Temp Na R o l l s  Meanb S.E.c Meanb S.E. c  ~ e a n b  S.E.c ~ e a n ~  S.E.c 
NOTES: Combined data f rom Iowa S ta te  and U n i v e r s i t y  o f  M issour i  
P\) 
~1 aRefers t o  t h e  number o f  r e p l i c a t i o n s .  
b ~ e a n s  w i t h i n  a  column f o l l owed  by t h e  same l e t t e r  a re  no t  s i q n i f i c a n t l y  d i f f e r e n t  (Pc0.05). 
CStandard e r r o r .  
TABLE 5. Mean Weights o f  Turkey Roasts Before and A f t e r  Heat inq 
and t h e  Percentage o f  Y i e l d  i n  a Convection Oven a t  Three Oven 
Loads and Three Oven Temperatures a t  Wisconsin. 
Loads 
Before (kq )  
2b A f t e r  (kg) 
( %  Y i e l d )  
Before  (kq )  
4C A f t e r  ( kq )  
( %  Y i e l d )  
Before  (kq)  
gd A f t e r  (kq) 
(% Y i e l d )  
a The mean y i e l d  dependent on oven temperature was s i q n i f  i c a n t l y  
d i f f e r e n t  (P(0.01). 
Mean o f  2 r o l l s .  
Mean o f  4 r o l l s .  
Mean o f  6 r o l l s .  
Standard dev ia t ion .  
SENSORY STUDIES 
Oven r o a s t i n q  temperature and r e h e a t i n q  e f f e c t s .  
A s p l i t  p l o t  des ign was used t o  analyze t h e  sensory da ta  f o r  var iances.  
Turkey r o l l s  eva luated a t  f o u r  l a b o r a t o r i e s  were s i m i l a r  i n  sensory 
c h a r a c t e r i s t i c s  a f t e r  r o a s t i n q  a t  105, 135, o r  165OC w i t h  o r  w i t h o u t  24-hr 
c h i l l i n g  and reheat inq.  J u i c i n e s s  was a sensory c h a r a c t e r i s t i c  t h a t  was 
a l t e r e d  s i g n i f i c a n t l y  (P(0.05) t h a t  would have imp1 i c a t i o n s  f o r  consumers 
( F i q u r e  5). The l e a s t  j u i c y  r o a s t s  were those cooked a t  165OC and reheated. 
However, when t h e  r o a s t  i nq end-point  temperature was 80°C ( I 1  1 i n o i  s and 
Kansas), samples of t u r k e y  r o l l s  cooked a t  165OC and reheated were l e s s  j u i c y ,  
o n l y  when compared t o  t u r k e y  r o l l s  t h a t  were r o a s t e d  a t  105 and 135OC and n o t  
reheated. 
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F ig .  5  Mean Scores f o r  Ju ic iness  i n  Turkey Roasts Cooked a t  Three Oven 
Temperatures, w i t h  and w i thou t  C h i l l i n q  and Reheatinq. 
A = c h i l l  
= no c h i l l  
The ranqe o f  mean scores f o r  chew counts was 12.9 t o  22.8 (Table 6).  Th is  
measurement i s  based on counts o f  ac tua l  chews o f  standardized samples a t  a  
s tandard ized ra te ,  and v a r i a t i o n s  i n  i n d i v i d u a l s '  mouth s t r uc tu res  and 
dentures would be r e f l e c t e d .  Th i s  ranqe i s  considered smal l  f o r  such 
measurements, makinq t h e  d i f f e rences  unimportant (11, 12). 
For  t h e  o ther  c h a r a c t e r i s t i c s  evaluated, some d i f f e rences  were 
s t a t i s t i c a l l y  s i g n i f i c a n t  (Table 6).  However, d i f f e rences  were smal l  (ranqes 
on b a l l o t s  o f  0.8 t o  1.4 cm on 15-cm scales)  as shown i n  F igures  6 throuqh 9. 
TABLE 6. Least  Square Means Showing Treatment E f f e c t s  on Sensory Parameters o f  
Turkey Roasts. 
Treatments 
Chi 11 No C h i l l  
AROMA 
IL-KS 
IA-OH 
FLAVOR 
IL-KS 
IA-OH 
OFF-NOTES 
IL-KS 
IA-OH 
JUICINESS 
IL-KS 
IA-OH 
TEXTURE 
IL-KS 
IA-OH 
CHEW COUNT 
IL-KS 
IA-OH 
NOTE: N = 6 f o r  I l l i n o i s  and N = 4 f o r  Kansas d a t a  (IL-KS) u s i n q  
80°C end p o i n t  cook ing temperature; N = 7 f o r  Iowa, Ohio d a t a  (IA-OH) u s i n q  77°C 
end p o i n t  cookinq temperature. 
a A l l  scores based on 15-cm i n t e n s i t y  sca le  (0, none; 15, h i q h )  except chew 
count  based on a c t u a l  number o f  chews a t  s tandard ized  r a t e .  
Cook i n q  temperature. 
Means w i t h  common l e t t e r s  i n  same row are n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( ~ ( 0 . 0 5 ) .  
IA-OH DATA 
0 f + 
7 5 105 135 165 19 
COOKING TEMPERRTURE, 'C 
IL-KS D A T A  
0 ! I 
7 5 105 135 165 I 195 
COOKING TEMPERRTURE, " C  
Fig. 6 Mean Scores f o r  Roasted Aroma i n  Turkey Roasts Cooked a t  Three Oven 
Temperatures, w i t h  and wi thout  Chi 11 i nq and Reheat inq. 
A = c h i l l  
= no c h i l l  
9 7 5 105 135 165 
195 
COOKING TEMPERFITURE,~C 
1 5J 
I L - K S  D A T A  
- 
-, 
o !  
75 
I 
105 # 135 165 195 
COOKING TEMPERRTURE,"C 
IA-OH DATA 
Fig. 7 Mean Scores f o r  Meaty, Cooked Flavor  i n  Turkey Roasts Cooked a t  Three 
bven Temperatures, w i t h  and without C h i l l i n g  and Reheatinq. 
A = c h i l l  
= no c h i l l  
IA-OH DATA 
W 
0-1 I 
75 165 135 165 15 
COOKING TEMPERATURE, ' C 
1 IL-KS DATA 
0 ! 
7 5 105 135 165 195 
+ 
COOKING TEMPERATURE,OC 
Fig.  8 Mean Scores f o r  Off-Notes i n  Turkey Roasts Cooked a t  Three Oven 
f emperatures, w i th  and without Chi 11 inq and Reheatinq. 
A = c h i l l  
21( = no c h i l l  
IA-OH DATA 
0 
75 105 135 165 195 
COOKING TEMPERATURE, C  
0 ! I I 
75 I b5 135 165 195 
COOKING TEMPERATURE, C 
1s 
Fig.  9 Mean Scores f o r  Texture i n  Turkey Roasts Cooked a t  Three Oven 
Temperatures, wi th and without Chi 11 ing and Reheatinq. 
IL-KS DATA 
A = chS11 
I# = no c h i l l  
Holding time effects 
Juiciness decreased significantly ( P  <0.05) as hot-holdinq proqressed. 
The difference was significant between 0 and 60 min, and roasts cooked to 77OC 
(Iowa and Ohio) also became proqressively less juicy (P(0.05) between 60 and 
120 min (Figure 10). Other sensory scores were within such a small ranqe of 
the total scale that, although some differences were statistically siqnificant 
(Table 7), these would not likely be discernible by the general population on 
a first trial basis (Figures 1 1  and 12). This is because trained panelists 
are expected to be more discerning than the general population, and 
generalizing to the consumer on the basis of small differences detected by 
trained panelists could be risky (13). Sensory scientists are required to use 
0 ! 1 I I I- 
0 60 120 180 
HOLDING T I M E ,  M I N  
Fig. 10 Mean Scores Pooled for All Treatment Combinations for Juiciness of 
furkey Roasts After Hot-Holding 0, 60 and 120 min at 105"C. 
TABLE 7. Least Square Means Showing Hold ing Ti'me E f f e c t s  on Sensory 
Parameters o f  Turkey Roasts. 
Hold inq Time (Min) 
A t t r i  butea 0 6  0  120 LSD .05 
AROMA 
IL-KS 
IA-OH 
FLAVOR 
IL-KS 
IA-OH 
OFF -NOTES 
IL-KS 
I A - O H  
JUICINESS 
IL-KS 
I A-OH 
TEXTURE 
IL-KS 
IA-OH 
CHEW COUNT 
I L -KS 
IA-OH 
NOTE: N=6 f o r  I l l i n o i s  and N = 4 f o r  Kansas da ta  (IL-KS); N=7 f o r  
Iowa, Ohio (IA-OH) data. 
a A l l  scores based on 15-cm i n t e n s i t y  sca le  (0, none; 15, h i qh )  
except chew count based on ac tua l  number o f  chews a t  s tandard ized r a t e .  
b  Means w i t h  common l e t t e r s  i n  same row are no t  s i q n i f i c a n t l y  d i f f e r e n t  
( p  (0.05). 
Fig.  11 Mean Scores Pooled f o r  A1 1 Treatment Combinations f o r  Sensory F lavor  
A t t r i b u t e s  o f  Turkey Roasts A f t e r  Hot-Holdinq 0, 60, and 120 min a t  
1 osoc . 
Fig .  12 Mean Scores Pooled f o r  A l l  Treatment Combinations f o r  Crumbly, Mealy 
Texture  o f  Turkey Roasts A f t e r  Hot-Holding 0, 60, and 120 min a t  ' 
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a pragmatic approach, q e n e r a l l y  u t i l i z i n q  parametr ic  s t a t i s t i c a l  methods 
(ANOVA) even thouqh t h e  s c a l i n g  da ta  miqht  n o t  be d i s t r i b u t e d  normal ly .  Thus, 
a  sensory s c i e n t i s t  should cons ider  t h e  ana lys is  o n l y  a  "rouqh and ready" 
approach (14) .  Under those circumstances, one cou ld  go amiss p l a c i n q  q rea t  
emphasis upon sensory scores w i t h  smal l  var iances even thouqh t h e  d i f f e r e n c e s  
are s t a t i s t i c a l l y  s i g n i f i c a n t .  
Other Observat ions 
One o f  t h e  i n t e r e s t i n g  aspects o f  t h i s  study, f rom a  sensory 
methodological  perspect ive,  i nvo lved  a  comparison o f  da ta  us ina  panels  
* 
se lec ted  by two procedures. The researchers  a t  each l o c a t i o n  t r a i n e d  t a s t e  
p a n e l i s t s  equa l l y  a t  t h a t  l o ca t i on .  Iowa and Ohio each se lec ted  pane l i s t s ,  
t r a i n e d  them, and used t h e  same p a n e l i s t s  f o r  each eva lua t i on  pe r i od  
throughout t h e  study. On t h e  o the r  hand, I l l i n o i s  and Kansas each t r a i n e d  12 
p a n e l i s t s  t o  serve as a  pool  o f  t r a i n e d  pane l i s t s ,  and f o r  each eva lua t i on  
pe r i od  se lec ted  a  smal ler ,  constant  number o f  p a n e l i s t s  a t  random t o  serve as 
t h e  eva luators .  
Comparisons o f  t h e  var iances f o r  t h e  panels us inq  H a r t l e y ' s  F-max t e s t  f o r  
homogeneity o f  var iances (15),  normal ized t o  account f o r  d i f ferences i n  panel  
s i z e  a t  each o f  t h e  f o u r  A q r i c u l t u r a l  Experiment S ta t ions ,  d i d  no t  i n d i c a t e  
d i f f e r e n c e s  r e l a t e d  t o  t r a i n i n g  one qroup and s e l e c t i n q  a  p o r t i o n  o f  t h e  qroup 
f o r  t h e  i n d i v i d u a l  sessions versus s e l e c t i n q  one constant  qroup and t r a i n i n a  
and us ing t h e  e n t i r e  group each session (Tab le  8) .  D i f f e rences  (p<0.05) i n  
var iances among qroups f o r  f l a v o r  cou ld  be r e l a t e d  t o  use o f  wider sec t i ons  of 
t h e  sca le  t o  assess t h e  a t t r i b u t e s  by some groups (Tab le  8 ) .  Another 
p o s s i b i l i t y  i s  use o f  d i f f e r e n t  p o r t i o n s  o f  t h e  sca le  by d i f f e r e n t  qroups. 
TABLE 8. Exper imenta l  E r r o r  Var iances o f  Sensory Data. 
Mealy o r  
Roasted F ib rous  Chew F l a v o r  O f f -  Panel 
S t a t i o n  Aroma J u i c i n e s s  Tex tu re  Count notes  S i z e  
ILLINOIS 8.05 15.69 6.63 32.52 9.11 17.16 6 
KANSAS 6.21 15.72 7.16 19.11 22.36 4.25 4 
IOWA 4.58 13.82 6.36 10.68 2.15 4.79 6 
OH I 0  3.80 17.70 4.02 8.88 3.51 4.25 9 
* The 5% c r i t i c a l  p o i n t  f o r  t h e  Fm t e s t  f o r  f o u r  A q r i c u l t u r a l  Exper iment 
S t a t i o n s  w i t h  d f  = 10 i s  5.67. ?bus f l a v o r  was t h e  o n l y  sensory a t t r i b u t e  
f o r  which a s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  among t h e  f o u r  Exper iment S t a t i o n s .  
T r a i n i n q  i s  e s s e n t i a l  t o  develop a common lanquaqe t o  d e s c r i b e  t h e  
c h a r a c t e r i s t i c s  and t o  improve a p a n e l ' s  a b i l i t y  t o  make c o n s i s t e n t  
judqments. Each pane l  can meet these c r i t e r i a ,  y e t  t h e  deqree t o  which one 
group i n t e r p r e t s  how i n t e n s e l y  t h e  s tandard i s  found i n  a ~ r o d u c t  can e a s i l y  
d i f f e r  w i th  another  qroup o f  p a n e l i s t s .  One o f  t h e  d i f f i c u l t i e s  i n  combininq 
d a t a  us ing  d i f f e r e n t  pane ls  w i l l  always be t h i s  v e r y  mat te r .  Consistency o f  
performance m igh t  be improved by  t i q h t  d e f i n i t i o n  and c o n t r o l  o f  r e f e r e n c e  
s tandards f o r  each a t t r i b u t e .  Some d i f f e r e n c e s  i n  i n t e r p r e t i n q  re fe rences  and 
a r r i v i n q  a t  a consensus r e g a r d i n g  t h e i r  usaqe ( 1 6 )  a re  i n h e r e n t  i n  any s t u d y  
u s i n g  human ins t ruments ,  even though mean scores were used f o r  t h e  a c t u a l  d a t a  
analyses. 
NUTRITIONAL STUDIES 
Thiamin content of raw white turkey muscle analyzed at Illinois was 77 
mcg/100g. This is comparable to previously reported values (17, 18). Raw 
turkey meat at the other Aqricultural Experiment Stations was not ana1,yzed. 
Thiamin content of the cooked white meat was analyzed at Kansas, Illinois, 
Wisconsin, and Iowa. Results are shown in Table 9 and Fiaure 13 (Illinois 
only). Heat treatment, e.q. oven temperature, as well as chillinq cooked 
roasts, siqnificantly (P(0.001) affected the thiamin content of turkev meat on 
the wet-weight basis. As can be seen in Table 9, the values for Illinois are 
TABLE 9. Thiamin Contenta (mcq/lOOq) of Cooked White Turkey Meat. 
Cook i ng Holding Kansas Illinois Wisconsin Iowa 
Temperature (OC) Time 
and Chill State (min) 
Note: Chill state (Nonchill = NC, Chill = C) prior to hot-holdinq. 
a0n wet-weight basis. 
~ N D  = Not Determined. 
THIAMIN H 0 TlME 
60 MIN 
120 MIN 
Figure 13. Thiamin Content of White Turkey Meat at Illinois. 
Note: Chill state (Nonchill = NC, Chill for 24 hr. = C) prior 
to hot-holding. Thiamin content was on the wet-weiqht basis. 
THIAMIN RETENTION 
0 TlME 
60 MlN 
120 MIN 
Figure 14. Percentaqe Thiamin Retention in White Turkey Meat at Illinois. 
Note: Chill state (nonchill = NC, chill for 24 hr = C) prior to 
hot-holding. 
gene ra l l y  h igher  than f o r  t h e  o ther  t h r e e  s ta tes ,  a l thouqh on t h e  mo is tu re  and 
fa t - f ree  basis, values a re  comparable. Thiamin con ten t  i n  cooked t u r k e y  
decreased s i g n i f i c a n t l y  (P<0.05) w i t h  inc reas ina  temperature; ~ e r c e n t a q e  t h i  ami r  
r e t e n t i o n  fo l lowed a  s i m i l a r  t r e n d  (F i gu re  14, I l l i n o i s  on l y ) .  The e f f e c t  o f  
c h i l l i n g  p r i o r  t o  r ehea t i ng  and ho ld i nq  versus ho t -ho ld i nq  d i r e c t l y  a f t e r  cook i r  
was s i g n i f i c a n t  (P<0.001). I n  t h e  I l l i n o i s  study, t h i am in  con ten t  and r e t e n t i o r  
t h e  c h i l l e d  meat was h iqher  than i n  t h e  n o n c h i l l e d  meat. Ne i t he r  t h e  da ta  f rom 
Iowa nor Kansas showed a  d i f ference i n  t h i am in  r e t e n t i o n  due t o  c h i l l i n q  o f  t h e  
meat. 
Hold inq t ime  f o l l o w i n q  cookinq o r  rehea t inq  s i q n i f i c a n t l y  i n f l uenced  t h i am i r  
conteat .  I n  t h e  I l l i n o i s  study, t h e r e  was a  cons i s t en t  e f f e c t  o f  ho l d i n4  t ime:  
decrease i n  t h i am in  con ten t  was observed as ho ld i nq  t ime  increased. 
Wisconsin and Iowa used i n s t i t u t i o n a l  methods o f  p repa ra t i on  f o r  t h e  
t u r key  r o l l s .  No s i g n i f i c a n t  d i f f e rences  were found between heat  t reatments,  
ho l d i nq  t ime, o r  c h i l l  s t a t e  (done a t  Iowa on l y ) .  Overa l l ,  t h i am in  values 
were lowest i n  t h e  Iowa study. Th is  f i n d i n q  may be a t t r i b u t e d  t o  t h e  f a c t  
t h a t  t he  r o a s t s  were covered du r i nq  cookinq. Thus th iamin,  which i s  water 
so lub le ,  cou ld  have been l o s t  i n  t h e  d r ipp inqs .  Mo is tu re  con ten t  o f  cooked 
r o a s t s  ranqed between 66.7 and 70.3%. Fa t  con ten t  i n  t u r k e y  r o a s t s  a t  
I l l i n o i s  averaged 1.86%, and a t  Kansas 5.02%. 
S t a t i s t i c a l  ana l ys i s  was completed on combined va lues f o r  I 1  l i n o i s  and 
Kansas, because t h e  same p repa ra t i on  procedures and a n a l y t i c a l  methods were 
used. Comparison o f  t h i am in  values obta ined f o r  a  check sample (Gerber 
s t r a i n e d  pork )  agreed c l ose l y .  The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h i am in  
values f o r  t h e  two s t a t e s  was 7.80, which i n d i c a t e d  qood r e p r o d u c i b i l i t y  of 
t h e  da ta  between and w i t h i n  l abo ra to r i es .  D i f f e rences  observed i n  t h i am in  
content in turkey roasts analyzed in the two Aqricultural Experiment Stations 
could be attributed to variability in raw material. When thiamin values 
obtained at Kansas and Illinois were adjusted for moisture and fat content of 
the turkey meat and expressed on the moisture and fat-free basis, differences 
(134-209 mcq/lOOq) were not statistically siqnificant. 
Imp1 ications 
The practices of pre-cookinq meats and holdina, either hot or chilled, are 
common in the foodservice industry. Nutrient content, as measured by losses 
of the indicator vitamin thiamin, decreased durinq the holdina period. 
Earlier studies reported that the destruction of thiamin ranqed between 25 and 
40% during cookinq of turkey or chicken, dependinq on end-ooint temperature 
and cooking temperature (19-21). 
The NC-120 study was designed to determine if convection heatinq of turkey 
rolls by either home or foodservice techniques resulted in similar values for 
thiamin retention. Results showed that differences were small and not of 
practical importance. Chillinq meat and then reheatinq did not have a 
detrimental effect on thiamin retention. Differences in procedures (e.q. 
covered vs. uncovered pans, oven loads) between home and foodservice 
operations could account, in part, for variability in the values observed. 
Low temperature cookinq (105OC) :s another foodservice practice that is 
be1 ieved to result in hiqher yield and better sensory and, oerhaps, 
nutritional characteristics. In this collaborative study, thiamin content and 
retention were similar in all cookina and holding procedures. Thus it appears 
that using recommended times, temperatures, and procedures for 
microbioloqically safe and sensorially acceptable turkey roasts results in 
satisfactory nutritional aual ity. 
MICROBIOLOGICAL SAFETY 
Raw Product 
To ta l  aerobic p l a t e  counts on surfaces o f  t u r k e y  r o l l s  ranqed f rom 10,000 
t o  560,00O/g as shown i n  l o g  format  i n  Tables 10 and 11. There was qood 
agreement i n  r e s u l t s  f rom t h e  t h r e e  A q r i c u l t u r e  Experiment S ta t i ons  
(Minnesota, Nebraska, and Wisconsin) al thouqh t h e r e  were minor d i f f e r e n c e s  i n  
methodology. Observat ions were made by Minnesota and Nebraska on t h e  i n t e r n a l  
sec t i on  o f  t h e  r o l l s .  The magnitude and ranqe o f  i n t e r n a l  counts were s i m i l a r  
t o  those observed f o r  t h e  su r face  counts (Table  l o ) ,  thereby i n d i c a t i n q  t h e  
same ex ten t  o f  contaminat ion throughout t h e  r o l l s .  Th i s  m i c r o b i a l  l oad  was 
be1 ow t h a t  commonly accepted by s t a t e  r equ l  a t o r y  aqencies (22).  
Co l i f o rm  counts on sur face  samples were h i q h l y  v a r i a b l e  and ransed f rom 
below t h e  l e v e l  of de tec t i on  t o  4,80O/q as shown i n  Tables 10 and 11. The 
i nne r  p o r t i o n  o f  t h e  r o l l s  conta ined s i m i l a r  numbers o f  c o l i f o r m  contaminat ion 
as those observed on t h e  surfaces (Table  10). 
Cooked Product 
Roast inq t h e  t u r k e y  r o l l s  a t  135OC (Minnesota and Nebraska) t o  an i n t e r n a l  
temperature o f  77 t o  82OC reduced t h e  t o t a l  aerob ic  p l a t e  count t o  300/q o r  
less.  These r e s u l t s  were i n  harmony w i t h  prev ious observat ions us inq  a  
s i m i l a r  q u a n t i t y  o f  meat loaf  (23).  No c o l i f o r m  organisms were detected i n  
cooked t u r key  a t  Minnesota and Nebraska. The lowest t o t a l  aerob ic  count i n  
roas ted  t u r k e y  a f t e r  ho t -ho ld inq  (Wisconsin) was below t h e  de tec tab le  l e v e l  by  
commonly used methods and t h e  h iqhes t  count was approx imate ly  300/a (Tab le  12 ) .  
Thus, i t  was apparent  t h a t  a  ma jo r  p o r t i o n  o f  t h e  con tam ina t i ng  m i c r o f l o r a  
was ex t reme ly  hea t  s e n s i t i v e .  A l though t o t a l  ae rob i c  p l a t e  coun t  i nc reased  
i n  these  t r i a l s  d u r i n g  ho t -ho ld i ng ,  t h i s  i nc rease  c o u l d  be a t t r i b u t e d  t o  
sampl ing e r r o r ,  recon tamina t ion ,  o r  l a b o r a t o r y  e r r o r .  
TABLE 10. M i c r o b i a l  E v a l u a t i o n  o f  Su r face  and Core Samples o f  Raw Turkey R o l l s  
a t  Minnesota  and Nebraska. 
Log o f  T o t a l  Aerob ic  P l a t e  Count 
S u r f  ace Samples Core Samples 
T r i a l  Minnesota  Nebraska 
1 4.48 4.00 
2 4.66 4.98 
3 4.97 4.61 
4 5.48 4.81 
Average 
Loa o f  C o l i f o r m  Count 
Minnesota  Nebraska 
4.34 3.78 
5.38 3.60 
5.04 4.69 
5.91 4.48 
S u r f  ace Samples Core S a m ~ l e s  
T r i a l  Minnesota  Nebraska 
1 2.20 t l  
2 3.04 ( 1 
3 2.70 t 1 
4 3.34 t l  
~ v e r  age* 
Minnesota  Nebraska 
1.90 c 1 
2.60 < 1 
1.85 < 1 
2.76 ( 1 
* ~ v e r a ~ e  va lues used <1 as 1 
TABLE 11. M i c r o b i a l  E v a l u a t i o n  o f  Su r face  Samples of Raw Turkey R o l l s  a t  
Wisconsin. 
T r i a l  Loq T o t a l  Count Loq C o l i f o r m  Count 
aNA = n o t  a v a i l a b l e .  
b ~ v e r a q e  va lues used < 1 as 1. 
TABLE 12. The E f f e c t  o f  Cookinq t o  77°C and Subsequent Hot-Holdinq on t h e  
To ta l  M i c r o f l o r a  o f  Turkey Roasts a t  Wisconsin. 
Oven Loa To ta l  Count 
Temperature 
Hold inq t ime i n  minutes 
" C Raw Cooked t o  77°C 0120 
aNA=not avai 1  able. 
b ~ v e r a ~ e  values used < 1  as 1. 
Complete e l i m i n a t i o n  o f  t h e  c o l i f o r m s  was a t t a i n e d  b y  r o a s t i n g  t o  a  temper- 
a t u r e  as low as 77OC a t  t h e  geometr ic  c e n t e r  of a  t u r k e y  r o a s t .  These d a t a  sup- 
p o r t  t h e  o b s e r v a t i o n  o f  extreme hea t  s e n s i t i v i t y  o f  t h e  con tam ina t i ng  m i c r o f l o r a .  
CHEMICAL SAFETY 
Resu l t s  o f  t h e  p o l y c h l o r i n a t e d  b ipheny l  (PCB) analyses f o r  t u r key  r o l l s  
obta ined f rom f o u r  A g r i c u l t u r a l  Experiment S ta t i ons  t h a t  had rece ived  product  
f rom the  common l o t  of t u r k e y  r o l l s  supp l ied  by t h i s  con t rac t ,  es tab l i shed  
t h a t  these t u r key  r o l l s  had nondetectab le  l e v e l s  o f  PCBs. F i q u r e  3 compares 
t he  GLC/integrator cu rve  o f  one o f  t h e  t u r k e y  r o l l  samples analyzed f rom 
product  obta ined f rom Kansas w i t h  t h a t  o f  an A roc l o r  1254 standard. 
Although PCB s p i l l  acc idents  have r e s u l t e d  i n  feed  contaminat ion and 
subsequent p o u l t r y  contaminat ion i n  l o c a l i z e d  areas, t h e  general  l e v e l s  o f  
PCBs i n  meat, f i s h ,  and p o u l t r y  have decl ined. Thus, al thouqh i t  i s  no t  
su rp r i s i ng ,  i t  i s  r eassu r i ng  t o  f i n d  nondetectab le  l e v e l s  o f  PCBs i n  these 
t u r k e y  r o l l  s. 
The U.S. Food and Drug Adm in i s t r a t i on  (FDA) conducts To ta l  D i e t a r y  Stud ies 
t o  determine t h e  d i e t a r y  i n t a k e  o f  pes t i c ides ,  i n d u s t r i a l  chemicals, heavy 
metal, and rad ionuc l  ides.  These s tud ies  i n v o l v e  r e t a i  1  purchases throuqhout 
t h e  year  o f  12 food  groups f o r  a d u l t  d i e t s  f rom se lec ted  c i t i e s  i n  f i v e  
d i s t r i c t s .  The l a t e s t  pub l i shed  da ta  qave t h e  r e s u l t s  o f  analyses i n  1980-82 
(24) .  Two of t h e  meat, f i s h  and p o u l t r y  qroups had de tec tab le  l e v e l s  o f  PCBs 
w i t h  t h e  ranqe i n  concen t ra t ion  o f  these p o s i t i v e  samples r epo r t ed  as be inq a 
t race .  For  bo th  1978-79 and 1979-80, two o f  t h e  20 meat composites were 
p o s i t i v e  and t h e  averaqe l e v e l  r epo r t ed  was a t r a c e  (25-26). For t he  1977-78 
sample data, f i v e  composites o f  meat, f i s h  and p o u l t r y  f rom t h e  20 c i t i e s  
moni tored showed p o s i t i v e  PCB r e s u l t s  (27).  One o f  t h e  composites had 0.05 
ppm, w h i l e  f o u r  had t r a c e  l eve l s .  Thus, t h e  qeneral  l e v e l s  o f  PCB res i due  i n  
meat, f i s h ,  and p o u l t r y  i n  r ep resen ta t i ve  r e t a i l  markets have dec l ined  t o  
t r a c e  o r  nondetectab le  l eve l s .  
ENERGY USE 
Ana lys is  o f  var iance procedures f o r  t h e  da ta  q iven  i n  Table 13, when two 
t u r k e y  r o l l s  were heat processed, revealed t h a t  i nc reas inq  t h e  oven 
temperature d i d  no t  s i q n i f i c a n t l y  increase t h e  t o t a l  process inq losses. 
Product y i e l d s  f o r  t h e  t u r k e y  r o a s t s  ranqed f rom 76 t o  82%. 
TABLE 13. Heat Processing Parameters and Energy Consumption f o r  Turkey Roasts a t  Iowa and Missour i .a 
Var iab les 
Oven Temperature ("C) 
Me an S.E. Me an S.E. Mean S.E. 
I n i t i a l  mass (g )  
F i n a l  mass (g )  
To ta l  process ing loss  (%)  
P 
0 
Y i e l d  (%) 
Heat process ing t ime: 
(mi n/ 1 oad) 
(min/kg) 
Energy usaqe: 
(Wh/ 1 oad) 
(Wh/kg 
aTwo tu rkey  r o l l s  were heat processed, uncovered i n  separate Dans, a t  one t ime. Roasts were removed f rom the  
oven when both i n t e r n a l  temperatures had reached 77°C. 
N = 6; except f o r  165°C where N = 5. 
b ~ e a n s  fo l lowed by t h e  same l e t t e r  w i t h i n  a row were no t  s i q n i f i c a n t l y  d i f f e r e n t  (P<0.05). 
Because o f  t h e  va r ious  weiqhts o f  t h e  raw t u r k e y  r o l l s ,  t h e  mean i n i t i a l  
weiqht f o r  t h e  t u r k e y  r o l l s  processed a t  105°C was lower than  f o r  those 
processed a t  135OC. When t h e  heat process inq t imes were expressed on bo th  a  
load (m in l l oad )  and weiqht  (m in lkg )  basis,  s i q n i f i c a n t  d i f f e r e n c e s  (PC0.05) 
were found among t h e  t h r e e  oven temperatures. The h i qhes t  oven temperature 
r e q u i r e d  l ess  t ime  than  t h e  two lower temperatures. 
Enerqy consumption d i d  no t  f o l l o w  t h i s  t rend.  On bo th  an enerqy usaae per  
load (Whl load)  and weiqht (Whlkq) bas is ,  t h e  h i ghes t  oven temperature r e q u i r e d  
more energy than t h e  lowest one. However, no s i q n i f i c a n t  d i f f e r e n c e s  were 
revea led  between oven temperatures o f  105 and 135OC, and between 135 and 165OC. 
Thus, when o n l y  two t u r key  r o l l  s  are requi red,  foodserv ice  adm in i s t r a to r s  
have t h e  assurance t h a t  food product  y i e l d  w i l l  no t  be s i q n i f i c a n t l y  lowered 
by choosinq any o f  these t h ree  cond i t i ons  w i t h  t h e  Lanqe Model (ECCO-6) o f  
f o r ced -a i r  convect ion oven. I f  165OC i s  chosen, process ing t ime  i s  reduced 
and energy consumption i s  increased. I f  135OC i s  used, enerqy consumption i s  
no t  s i q n i f Y c a n t l y  reduced, bu t  process ing t ime  i s  s i q n i f i c a n t l y  reduced. 
Choosinq t h e  l a s t  o p t i o n  (105OC) s i q n i f  i c a n t l y  (P (0.05) increases t h e  r e a u i r e d  
heat process ing t ime, b u t  does n o t  s i g n i f i c a n t l y  reduce enerqy consumption, 
compared t o  t h e  135OC temperature. C lear l y ,  va r i ab l es  o the r  than heat  
process inq t ime  and energy usaqe should be inc luded  i n  t h e  dec i s i on  makinq 
process. 
An ana lys is  o f  var iance revealed s i q n i f i c a n t  d i f f e r e n c e s  amonq t h e  heat 
p rocess ing  parameters f o r  t u r k e y  r o l l s  (Tab le  4).  Data i n  Table 14 i n c l u d e  
f i n d i n g s  when t h r e e  d i f f e r e n t  oven loads o f  t u r k e y  r o l l s  were heat processed 
a t  an oven temperature of 135OC. Enerqy usaqe (Tab le  14) was s i q n i f i c a n t l y  
g rea te r  on an oven load bas is  when 6 r o l l s  were heat processed simultaneouslv,  
versus e i t h e r  2 o r  4  r o l l s .  When enerqy usaqe was analyzed on a  weiqht bas i s  
TABLE 14. Enerqy Usage f o r  Heat Processinq Three Oven Load Sizes o f  Turkey Roasts. 
Oven Load Heat Processi  nq Enerqy Usaqe 
Temp S ize  (min/ load)  (min/kq) (Wh/load) (Wh/ka) 
( " c )  N~ R o l l s  Mean S.E. Mean S.E. Mean S.E. Mean S.E. 
- 
NOTE: Combined data f rom Iowa and Missour i .  
aRefers t o  t he  number o f  r e p l i c a t i o n s .  
b ~ e a n s  fo l lowed by t h e  same l e t t e r  w i t h i n  a column were no t  s i qn i f i can t1 . y  d i f f e r e n t  (P(0.05). 
(watthours per kilogram of raw turkey roll) , siqnif icantly (Pt0.05) qreater 
amounts of energy were consumed for the oven load with 2 rolls. 
Information in Table 14 represents an interestinq findinq for the foodservice 
manager. When either 4 or 6 turkey rolls were heat processed, no siqnificant 
difference in heat processinq times for an oven load was revealed. Furthermore, no 
siqnificant difference in energy consumption per kiloqram of raw turkey rolls was 
revealed at these oven loads. Therefore, when 6 turkey rolls are required, eners.y i 
conserved by heat processinq them toqether, instead of havinq one oven load with 2 
rolls and another with 4 rolls. Information shown in Table 14 revealed that the 
latter option required 14.3 kilowatt hours of enerqy, or 22% more enerqy than if 
all 6 rolls were processed toqether in one oven. 
Energy data from Wisconsin are qiven in Table 15 for each of the nine 
treatments studied. When compared to enerqy data for the ovens used at Iowa and 
Missouri, these data were considerably hiqher. The kilowatt ratinq for the Lanq 
convection oven is 10.8 kW; for the Blodqett (used at Wisconsin), 
11.0 kW. Direct comparisons between the two models of forced-air convection ovens 
can not be made because both models have different efficiencies. For example, at 
105°C with two turkey rolls, the Lanq model operated at 11% of the heat processins 
time; the Blodgett, 24% (Tables 13 and 15). The latter model is an older one with 
different insulation and thermostat controls and had qreater heat losses via the 
cavity walls, doors and vents. 
Several trends are apparent from the data qiven in Table 15. As the load size 
increased for each of the three oven temperatures, the per unit heat processinq 
time (minlkg) and enerqy usaqe (Whlkq) decreased. The heat processinq time 
decreased as the oven temperature increased as expressed on an oven load basis. 
However, heat processinq time for loads of 4 and 6 rolls was similar for the three 
TABLE 15. Energy Usaqe f o r  Heat Processinq Turkey Roasts a t  Wisconsin. 
Oven Load 
Temp s i z e  
(OC) (No R o l l s )  
Heat Process i nq 
(m in l l oad )  ' (min/kq)"  
Enerqy Usaqe . 
(Whlload) (Whlkq)" 
NOTE: A t h ree  by t h r e e  f a c t o r i a l  design ( t h r e e  oven temperatures x  t h r e e  oven load s i zes )  was used 
t o  moni tor  energy consumption and t ime f o r  heat  process inq i n  a convect ion oven. 
Only one t r i a l  was conducted f o r  each t reatment ;  thus, n i n e  t r i a l s  were conducted. 
A d d i t i o n a l l y ,  one experiment w i t h  load s i z e  o f  2 r o l l s  a t  oven temperature o f  105OC was 
repeated t o  assess cons is tency o f  t h e  experiments. 
* Min lkg  and Whlkq was based on weiqht o f  raw t u r k e y  meat. 
oven temperatures. As an t i c ipa ted ,  t o t a l  enerqy consumption increased as t h e  s i z e  
o f  t h e  oven load increased f rom two t o  s i x  t u r key  r o l l s .  
I n f o rma t i on  g iven i n  Table 15 f o r  t h e  oven temperature o f  135°C f o l l o w s  s i m i l a r  
t r ends  t o  t h e  s i g n i f i c a n t  (P(0.05) f i n d i n q s  revea led  a t  Iowa and Missour i  (Table  
14). I n  add i t i on ,  s i m i l a r  t rends  a re  revealed when o n l y  two t u r k e y  r o l l s  were heat  
processed (Table  13): ( a )  heat process ing t ime decreased as oven temperature 
increased, and ( b )  energy usage (Wh/load) and (Wh/kg) increased as oven temperature 
increased. I f  foodserv ice  manaqers are concerned about enerqy usaqe, oven l oad  
s i z e  o f  6  r o l l s  heated a t  105OC w i  11 save 11% and 20% enerqy (Wh/kq), compared t o  
r o l l s  heated a t  135 and 165°C (Tab le  15). However, oven load  s i z e  o f  6 r o l l s  
heated a t  165OC w i l l  save 33% and 8% cooking t ime (min/kq),  compared t o  r o l l s  
heated a t  105OC and 135OC (Table  15). Al though oven load  s i z e  o f  6 r o l l s  
heated a t  135OC took more t ime  (8%) than those heated a t  165OC, t h e  oven l oad  
s i z e  o f  6  r o l l s  heated a t  135°C. saved more enerqy (10%) than those heated a t  
165°C. Therefore,  oven load  s i z e  o f  6  r o l l s  heated a t  135OC o r  165OC would be 
recommended i f  both hea t i nq  t ime and enerqy use are o f  concern. 
Foodservice managers need t o  recoqnize t h a t  al thouqh t h e  l a r q e s t  oven l oad  
can save more energy du r i nq  heat processinq, t h e  s toraqe and rehea t i nq  o f  
l e f t o v e r s  cou ld  r e q u i r e  a d d i t i o n a l  enerqy consumption. Enerqy usaqe o f  t h r e e  
ho t -ho ld inq  loads (4, 8, o r  12 pans) was no t  s i a n i f i c a n t l y  d i f f e r e n t  a f t e r  one 
and two hours o f  ho t -ho ld ing  i n  t h e  cab ine t  a t  Wisconsin. Hence, t h e  s i z e  o f  
t h e  loads d i d  no t  a f f e c t  t h e  enerqy consumption du r i nq  hot -ho ld ina.  A t  Iowa, 
r ehea t i ng  t ime  and t h e  amount of enerqy t o  reheat  t u r k e y  s l i c e s  t o  66OC and t o  
h o l d  a t  t h a t  temperature f o r  up t o  2 h r  were no t  s i q n i f i c a n t l y  d i f f e r e n t  f o r  
s l i c e s  o r i g i n a l l y  cooked a t  d i f f e r e n t  temperatures. 
CONCLUSIONS AND RECOMMENDATIONS 
The f o l l o w i n g  conc lus ions and recommendations a re  supported b y  t h e  r e s u l t s  
o f  t h i s  p r o j e c t .  
1. Sens0r.y q u a l i t y  can be mainta ined wh i l e  m in im iz inq  l a s t  minute p repa ra t i on  
t ime  by us inq low temperatures and long  r o a s t i n g  t imes f o r  r o a s t i n q  t u r k e y  
r o l l  s. However, should o ther  procedures ( sho r t ,  h i q h  temperature 
roas t ing ;  r oas t i ng ,  c h i  11 inq,  and rehea t ing )  f i t  schedul inq,  personnel  
management, equipment a v a i l a b i l i t y ,  and enerqy sav inq reauirements, 
sensory q u a l i t y  i s  no t  a f fec ted  as adverse ly  as i s  be l i eved  qenera l l y .  
2. N u t r i e n t  con ten t  o f  t u r k e y  r o l l s ,  as measured by  losses o f  t h e  i n d i c a t o r -  
v i t am in  th iamin,  was decreased s l i q h t l y  by  heat processinq. However, t h e  
losses o f  t h e  l a b i l e  v i t am in  were smal l  and p robab ly  no t  o f  p r a c t i c a l  
importance. Using recommended times, temperatures and procedures f o r  
p repar ing  acceptable t u r k e y  roas t s  r e s u l t s  i n  s a t i s f a c t o r y  n u t r i t i o n a l  
qua1 i ty .  
3. The v a r i a b l e  counts o f  bo th  t o t a l  and c o l i f o r m  orqanisms c o n s t i t u t e  
p o t e n t i a l  f o r  spo i lage  i f  t u r k e y  r o l l s  a re  mishandled i n  t h e  e i t h e r  raw o r  
cooked s ta te .  Roast inq t o  an i n t e r n a l  temperature o f  7 7 O C  destroyed 
co l i f o rms  and reduced t h e  t o t a l  aerob ic  count, however, some r e s i d u a l  
orqanisms o f  no p u b l i c  hazard remained. 
4. This lot of commercial turkey rolls did not contain detectable levels of 
PCBs. Continued surveillance of the U.S. food supply, however, is 
necessary to ensure that environmental translocations and/or accidental 
spills do not cause food contamination with these types of industrial 
chemicals. 
5. Based upon the experiments with two models of convection ovens, when two 
turkey rolls are required, an oven temperature of 135°C would be 
recommended. This option consumed less enerqy on a watthour per kiloqram 
of product weight basis. When either four or six rolls are required, oven 
tezperatures of either 135OC or 165OC consume similar levels of enerqy, 
when analyzed on a product weiqht basis. 
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